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ABSTRACT 

Dur ing  t h e  powered f l i g h t  of  t h e  S-IVR s t a g e  of  a n  

Upra ted  S a t u r n  I v e h i c l e ,  t h e  LOX and LH2 are combined i n  t h r e e  

s u c c e s s i v e l y  d i s t i n c t  m i x t u r e  r a t i o s .  The e f f e c t s  on maximum 

p a y l o a d  ( s p a c e c r a f t )  weight  caused  b y  v a r y i n g  t h e  d u r a t i o n  o f  

t h e  s e c o n d  m i x t u r e - r a t i o  burn, T2, are  s t u d i e d  for t h e  AAP-3 

m i s s i o n  which h a s  an i n s e r t i o n  o r b i t  o f  81  x 1 2 0  nm. 

Choosing T2 e q u a l  t o  330 s e c o n d s  r e s u l t s  i n  t h e  maximum 

However t h e  a l l o w a b l e  p a y l o a d  i s  r e l a t i v e l y  i n s e n s i t i v e  p a y l o a d .  

t o  T2 n e a r  i t s  optimum v a l u e .  

- < 2 8 0  s e c o n d s  can  be s a t i s f i e d  w i t h  a p a y l o a d  r e d u c t i o n  o f  only 

130 pounds .  

Thus t h e  MSFC r e q u i r e m e n t  t h a t  T 2  

(NASA-CR-92798) DEPENDENCE OF AAP-3 PAYLOAD 
ON S-TVB SECOND M I X T U R E - R A T I O  SHIFT TIPIE 
(Bellcomm, I n c , )  12 p N79-72313 
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SUBJECT: Dependence of AAP-3 Payload  on S- IVB DATE: O c t o b e r  30 ,  1967 
Second M i x t u r e - R a t i o  S h i f t  T i m e  
Case 610 

MEMORANDUM FOR FILE 

1. I n t r o d u c t i o n  

Dur ing  t h e  powered f l i g h t  o f  t h e  S - I V B  s t a g e  o f  an 
Uprated S a t u r n  I l a u n c h  v e h i c l e ,  t h e  L O X  and LH2 a r e  combined 
i n  t h r e e  d i f f e r e n t  m i x t u r e  r a t i o s ,  MRi ( i=l, 2 ,  3 )  , t o  s a t i s f y  

e s s e n t i a l l y  two d i f f e r e n t  t h r u s t  r e q u i r e m e n t s ,  v i z .  a h i g h  
t h r u s t  (MR2 = 5 . 5 )  d u r i n g  t h e  f i r s t  phase  o f  t h e  powered f l i g h t  

where g r a v i t y  l o s s e s  a r e  s i g n i f i c a n t ,  f o l l o w e d  by a s h i f t  to a 
l o w e r  m i x t u r e  r a t i o  (MR = 4 . 7 )  t o  p r o v i d e  a h i g h  I f o r  
a t t a i n i n g  o r b i t a l  I n s e r t i o n  v e l c z i t y .  The f'irst m i x t u r e - r a t i o  
(MR1 = 5 . 0 )  b u r n  l a s t s  f o r  on ly  1 . 3  s e c o n d s  (T1), d u r i n g  which 
t i m e  t h e  5-2 e n g i n e  o f  t h e  S-IVB i s  s t a b i l i z e d .  Us ing  t h e  p ro -  
gram r e c e n t l y  deve loped  by V.  J .  E s p o s i t o  ( R e f e r e n c e  1) which 
s i m u l a t e s  Upra t ed  S a t u r n  I t r a j e c t o r i e s  f o r  e a r t h  o r b i t a l  m i s s i o n s  , 
t h e  e f f e c t s  on i n s e r t e d  s p a c e c r a f t  w e i g h t  ( p a y l o a d )  p roduced  b y  
v a r y i n g  t h e  d u r a t i o n  o f  t h e  second  m i x t u r e - r a t i o  t i m e ,  T 2 ,  have  
b e e n  i n v e s t i g a t e d  f o r  t h e  AAP-3 m i s s i o n .  

3 SP 

2 .  The R e l a t i o n s h i p  Between S p a c e c r a f t  Weight and  Second 
Mix tu re -Ra t io  T i m e  

The p r o p e l l a n t  l o a d l n g  f o r  t h e  S- IVB i s  d i s c u s s e d  i n  
d e t a i l  i n  t h e  Appendix.  F i g u r e  1 shows a D l o t  o f  consumable 
s e c o n d - s t a g e  LH2 ( e x c l u d e s  F.P.R., t h r u s t  b u i l d u p ,  t h r u s t  d e c a y ,  
and  r e s i d u a l  p r o p e l l a n t )  as a f u n c t i o n  o f  T 2 .  

v a r i o u s  v a l u e s  of T2, t h e  s i m u l a t o r  program was t h e n  "f lown" t o  
d e t e r m i n e  t h e  s p a c e c r a f t  we igh t  a s s o c i a t e d  w i t h  e a c h  v a l u e  o f  T 

f o r  i n s e r t i o n  i n t o  an  81 x 1 2 0  nm o r b i t . '  
i n  F i g u r e  2 for a f l i g h t  az imuth  o f  8 2 . 8 2 O  f rom Launch Complex 34 .  

Having d e t e r m i n e d  t h e  p r o p e l l a n t  r e q u i r e m e n t s  f o r  

2 
The r e s u l t s  a re  shown 

'A t y p i c a l  weight  breakdown u s e d  i n  a r u n  o f  t h e  s i m u l a t o r  
for T2 = 300 s e c o n d s ,  i s  g i v e n  i n  Table  I .  
da t a  for t h e  AAP-3 M i s s i o n  can b e  found i n  Appendix B o f  R e f e r e n c e  5.  

The v e h i c l e  pe r fo rmance  
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The s p a c e c r a f t  w e i s h t  e x h i b i t s  a p a r a b o l i c  dependency  on t h e  
s e c o n d  MR t i m e ,  T 2 ,  and i n  f a c t ,  an  e m p i r i c a l  s p a c e c r a f t  w e i q h t ,  

P ,  g i v e n  by 

P = - .030R64T2 2 + 2 0 . 5 5 5 T 2  + 3 6 7 7 2  

1 8 2 . 5  _i T2 - < 4 1 1 . 9  

d i f f e r s  from t h e  s p a c e c r a f t  weiqht (as  " f lown"  b y  t h e  s i m u l a t o r )  
b y  no more t h a n  1 0  pounds o v e r  t h e  e n t i r e  r a n q e  of  T 2  v a l u e s  
u n d e r  c o n s i d e r a t i o n .  The lowei. bound o f  182.5 s e c o n d s  for T 
i s  s e t  b y  t h e  c a p a c i t y  of  t h e  LH2 t a n k s ,  w h i l e  t h e  u p p e r  bound 
o f  4 1 1 . 9  s e c o n d s  i s  f i x e d  by t h e  c a p a c i t y  o f  t h e  L O X  tc?nkr,. 
F i g u r e s  1 and 2 e x h i b i t  an a p p a r e n t l y  p a r a d o x i c a l  e f f e c t ,  i n  
t h a t  l o a d i n g  t h e  LH2 t a n k s  t o  c a p a c i t y  r e s u l t s  i n  a l e s s - t h a n -  
o p t i m a l  s p a c e c r a f t  weight o f  3 9 , 5 0 0  p o u n d s ,  or i n  o t h e r  w o r d s ,  
removing LH f rom t h e  S-IVB w i l l  y i e l d  a g r e a t e r  p a y l o a d .  

2 

2 

It  s h o u l d  be n o t e d  t h a t  a l t h o u q h  t h e  maximum a l l o w a b l e  
s p a c e c r a f t  w e i g h t  c o r r e s p o n d s  t o  T2 = 330 s e c o n d s ,  the n a y l o a d  i s  

f o r  v a l u e s  of  T2 be tween 2 7 6  and 388 s e c o n d s ,  t h e  a l l o w a b l e  p a y l o a d  
d i f f e r s  from t h e  maximum b y  only 1 0 0  nounds  or l e s s .  

n o t  v e r y  s e n s i t i v e  t o  T i n  t h e  v i c i ~ i t : ;  sf t h i s  I.i,aximu?::. TI, i l l  A a L b ,  cnot  2 

3'  
i s  1 0 0  s e c o n d s  f o r  t h e  optimum p a y l o a d  s i t u a t i o n .  T h a t  i s ,  t h e  MR 
s h i f t  f rom 5 . 5  t o  4 . 7  would o c c u r  r e l a t i v e l y  c l o s e  t o  S-IVB s h u t -  
down. MSFC has a d o p t e d  a g e n e r a l  r u l e  t h a t  t h e  MR s h i f t  s h o u l d  
o c c u r  n o t  l a t e r  t h a n  T2 = 280 s e e  i n  o r d e r  to a l l o w  s u f f i c i e n t  
t i m e  f o r  g u i d a n c e  c o r r e c t i o n s  n e c e s s i t a t e d  by t h r u s t  f l u c t u a t i o n s  
r e s u l t i n g  from t h e  MR s h i f t .  M a i n t a i n i n <  t h i s  c o n s t r a i n t  would 
t h e n  r e s u l t  i n  a p a y l o a d  r e d u c t i o n  of a b o u t  1 0 0  pounds .  

A s  shown i n  F i q u r e  2 ,  t h e  t h i r d  m i x t u r e - r a t i o  t i m e ,  T 

3. C o n c l u s i o n s  

The p a y l o a d  i n s e r t e d  i n t o  8 1  x 1 2 0  am on t h e  AAP-3 
M i s s i o n  can  be  maximized b y  c h o o s i n g  t h e  d u r a t i o n  o f  t h e  second 
m i x t u r e - r a t i o  b u r n ,  T2, e q u a l  t o  330 s e c o n d s .  
r e l a t i v e  i n s e n s i t i v i t y  of a l l o w a b l e  p a y l o a d  t o  T n e a r  i t s  optimum 

Because  o f  t h e  

2 
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v a l u e ,  t h e  MSFC ground r u l e  r e q u i r i n g  T 2  5 280 s e c o n d s  c a n  be  
m a i n t a i n e d  w i t h  a p a y l o a d  r e d u c t i o n  o f  o n l y  1 0 0  pounds .  

A1thouP;h based on s i m u l a t i o n s  u s i n g  d a t a  f o r  U p r a t e d  
S a t u r n  I 2 0 9 ,  c u r r e n t l y  a s s i g n e d  t o  AAP-3, t h e s e  r e s u l t s  a r e  
g e n e r a l l y  a p p l i c a b l e  t o  Upra ted  S a t u r n  I f l i g h t s  t o  s i m u l a r  
l o w - a l t i t u d e  o r b i t s ,  i n  p a r t i c u l a r  t o  AAP-1 which a l s o  h a s  a n  
i n i t i a l  o r b i t  o f  81  x 1 2 0  nm. However, a d d i t i o n a l  s i m u l a t i o n s  
must  be r u n  t o  d e t e r m i n e  t h e  optimum v a l u e  of T f o r  t h e  p a y l o a d s  
o f  f l i g h t s  a l o n g  o t h e r  t r a j e c t o r i e s  s u c h  as AAP-2 and P-AP-4. 

2 
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TABLE I - VEHICLE WEIGHTS FOR AAP-3 M I S S I O N '  (POUNDS) 

70,298 

235,079 

101,422 

888,2 I 8  

INSERTION WEIGHT: 

40,159 - SPACECRAFT 
4,143 - INSTRUMENT UNIT 

22,015 - S - I V B  STAGE, DRY 
1,500 - S - I V B  FLIGHT PERFORMANCE RESERVE PROPELLANT 

( 1,250 LOX, 250 LH2) 
2,48 I - S- I VB RES I DUAL PROPELLANT 

S - I V B  CONSUMED AND JETTISONED WEIGHT: 
190,220 - S - I V B  LOX CONSUMED 
36,189 - S - I V B  LH2 CONSIIMED ( T q  = 300 SECONDS) 

8,450 - LAUNCH ESCAPE SYSTEM 
220 - S-IVB ULLAGE ROCKET CASES 

S - I B  JETTISONED WEIGHT: 
6,514 - S - l V B / S - l B  INTERSTAGE 

83,761 - S - I B  STAGE, DRY 
10,492 - S - I V B  FLIGHT PERFORMANCE RESERVE AND RESIDUAL 

PROPELLANT 
655 - OTHER ITEMS 

S - I B  EXPENDED WEIGHT AT SEPARATION: 
882,220 - S - I B  PROPELLANT CONSUMED 
4, 162 - S - I B  THRUST DECAY PROPELLANT 
I ,  000 - S- I V B  FROST 

836 - OTHER ITEMS (INCLUDES 100 LBS S - I V B  FROST) 

LIFT-OFF WEIGHT 

U~~~~~ ON DATA I N  REFERENCES 2-4. 
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A P P E N D I X  

P r o p e l l a n t  Loading f o r  S-IVB 

2 The r a t e  ( i n  l b s / s e c )  a t  which LII, i s  consumed, 
L 

k, i s  computed f rom t h e  b a s i c  d e f i n i t i o n  o f  m i x t u r e  r a t i o :  

Y 

where tp 
sumed d u r i n g  t h e  i - t h  m i x t u r e  r a t i o .  C o n s e q u e n t l y ,  t h e  ( c o n s t a n t )  
L O X  consumpt ion  r a t e ,  fi0 , i s  g i v e n  b y ,  

i s  t h e  ( c o n s t a n t )  r a t e  a t  which n r o p e l l a n t  i s  con- 
i 

i 

The w e i g h t s  o f  consumable LOX and LH2 r e q u i r e d  f o r  
MR s e t t i n g  may t h e n  be  computed from, 

Id, = 8, 'Ti 
i i. 

Wo = 3 *Ti  
i Oi 

Ti b e i n g  t h e  d u r a t i o n  o f  t h e  i - t h  m i x t u r e - r a t i o  b u r n ,  

he  i- h 

(3) 

(4) 

* I n  t h e  e n s u i n q  d i s c u s s i o n ,  t h e  s u b s c r i p t  i w i l l  always 
d e n o t e  t h e  v a l u e  of t h e  q u a n t i t y  b e i n g  c o n s i d e r e d  f o r  t h e  
i - t h  m i x t u r e  r a t i o ,  MRi. 
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I f  Wo and WH d e n o t e  t h e  w e i g h t s  o f  t o t a l  u s e a b l e  3 

S- IVB LOX and LH2 r e s p e c t i v e l y ,  t h e n ,  

3 3 
= L WH = iH *Ti  

i i wH 
i=l i=l 

3 3 

i=l i=l 

where Wo = 190,220 pounds ( f rom R e f e r e n c e  2) for t h e  S - I V R  LOX 
t a n k s  f i l l e d  t o  c a p a c i t y .  The amounts o f  LH2 and L O X  consumed 
d u r i n g  t h e  s e c o n d  and t h i r d  m i x t u r e - r a t i o  b u r n s  a re  g i v e n  b y ,  

OT3 - * T 2  + kH 'H2 + 'H3 - 'H2 3 

3 *T + 6, *T - 
wo2 + wo3 - '02 2 3 

, and. Go a re  known fr 
3 

S i n c e  IjH , GH , Gol, 
2 3 

m equ 

9 

t i  

(1) and ( 2 ) ,  and Wo + Wo3 can b e  computed for TI = 1 . 3  
2 

f rom 

( 7 )  

n s  

s e c o n d s  

' "useab le"  e x c l u d e s  f l i g h t  pe r fo rmance  r e s e r v e ,  t h r u s t  
b u i l d u p ,  t h r u s t  decay ,  and r e s i d u a l  p r o p e l l a n t .  
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+ wo3 - - wo - wol 
wo2 

( 7 )  and ( 8 )  p r o v i d e  two e q u a t i o n s  i n  two unknowns, WH, + WH, 
L J 

and T Wo i s  a lways  

assumed t o  be e q u a l  t o  190,220. Hence, t h e  LH r e a u i r e d  Tor 
t h e  powered f l i g h t  o f  t h e  S - I V R  i s  d e t e r m i n e d  from 

for a r b i t r a r i l y  a s s i g n e d  v a l u e s  o f  T 2 .  3’ 
2 

- 
wH1 + (wH 2 + WH3) ‘H - 

A p l o t  of  WH v e r s u s  T i s  found i n  F i g u r e  1. 2 
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